Trinexapac-ethyl is a foliar-applied growth regulator for turfgrass that can reduce mowing frequency, clipping production, and enhance turfgrass color. I"C_Trinexapac-ethyl was used to evaluate absorption and subsequent 14C-trinexapac-ethyl translocation in 
INTRODUCTION
The use of 14C-labeledxenobiotics is a common tool for evaluating absorption and translocation patterns of these compounds. Trinexapac-ethyl is a foliar absorbed cyclohexanedione plant growth regulator. Specificity for uptake oftrinexapac-ethyl among foliar sites is unknown for trinexapac-ethyl although leaf blades come into more direct contact with the spray droplets than do other tissues. Barrett and Bartuska (1982) found the stem, as compared to the leaves, to be a preferred site of uptake for an experimental growth retardant, PP333. Speed of absorption offoliar applied chemicals can be important in both efficacy and chemical rainfastness. Results from AI-Khatib et al. (1992) suggest that most herbicide absorption occurs within 24 hours of application. Trinexapac-ethyl, labeled as being rainfast within one hour of application, should conform to this pattern.
The absorption pattern of a given herbicide can be affected positively by adjuvants or negatively by antagonistic chemicals andlor ions. The absorption of sethoxydim by leaves was dramatically reduced in the presence ofbentazon (Rhodes and Coble, 1984) .
Ammonium salts were able to counteract this antagonism (Wanamarta et al., 1993) and were able to increase leaf absorption of picloram (Moxness and Lym, 1989) . Crop oil concentrate adjuvants increase the absorption of fluazifop, quizalofop, and sethoxydim in oats (Manthey et al., 1992) . Organosilicone surfactants enhance the efficacy of many herbicides and can be excellent surface wetting agents (Jansen, 1973;  Roggenbuck et al., 1990) . The optimal adjuvants for enhancing trinexapac-ethyl efficacy have not been determined.
Systemic herbicide translocation from the site of uptake to the meristems can be as important a factor in determining efficacy as absorption for herbicides affecting meristematic activity. Phloem transport can be slow (Derr et al., 1985; Peregoy et al., 1990; Camacho et al., 1991) . Instances where plants transclocate herbicides basipetally through phloem more rapidly may relate to observed patterns of efficacy (Hart and Penner, 1993) . Response to fluazifop was dependent on translocation (Derr et al., 1985) .
When slow basipetal translocation does not coincide with observed patterns of herbicide efficacy, alternate sites of uptake and translocation patterns may contribute to activity (Achhireddyet al., 1985) . Dicamba, for example, is translocated acropetally in several species, the mechanism for which mayor may not be phloem transport . Translocation of the cyclohexanedione herbicide, sethoxydim, is both acropetal and basipetal (Wills, 1984) . Potential impact oftrinexapac-ethyl on lateral turf growth was addressed by Calhoun (1996) , who reported divot closure rates in creeping bentgrass treated with trinexapac-ethyl to be equal to or higher than those for untreated controls.
The translocation pattern for trinexapac-ethyl is not known but may be largely dependent on the preferred site of absorption.
The objectives of this research were to (i) determine the preferred site of absorption for 14C-trinexapac-ethyl, (ii) determine the effect of an organosilicone surfactant on absorption of 14C-trinexapac-ethyl, and (iii) determine the translocation patterns of 14C-trinexapac-ethyl over a 24 hour period from three sites of uptake. The goal was to increase the understanding of foliar absorption and translocation patterns for trinexapac-ethyl such that efficacy may be maximized.
MATERIALS AND METHODS
Plant material for all studies was 2-year old 'Blacksburg' Kentucky bluegrass (Poa pratensis L.), originally obtained as sod from the Hancock Turfgrass Research Center in East Lansing, :MI. Sod pieces were placed into 25 em by 50 em flats containing a coarse soil (23% gravel, 77% sand) in the greenhouse and allowed three weeks to establish. The soil type was chosen so that the plants could later be removed from the soil with a minimal amount of root damage. The greenhouse was at 25 C +1-2 C with supplemental lighting from high-pressure sodium lights providing 1200 umol photons m-2 S-1of light during 18 hours of daylight. All flats were irrigated regularly and received 10 kg nitrogen ha" per week. The rate of nitrogen application was higher than normal for maintenance of greenhouse plants because the soil used was coarse and leached readily.
Plants were established hydroponically prior to the 14C-trinexapac-ethyl absorption and translocation studies. The hydroponic solution used was a modified Hoagland's solution derived for hydroponic establishment of creeping bentgrass. Aliquots of this solution were made using six stock nutrient solutions, each containing one or more essential nutrients (Menn and McBee, 1970) . Deionized water was the carrier for stock solutions and the Hoagland's nutrient solution. One-half and one-quarter strength versions of the same Hoagland's solution were used in some instances. Treatment solutions were made using 1,2,6-14C-Iabeledtrinexapac-ethyl with 94.8% purity and a specific activity of 1,139,600 Bq mg" (Figure 1 ).
Absorption Studies
Individual plants were established in full strength Hoagland's solution by removing them from the soil, rinsing them free of debris, and wrapping the base of the plant with a slit cut foam plug. Plugs were then inserted through small holes in a colored plastic lid so the roots could suspend freely in the solution below. The solution was aerated using an air stone attached to an electric air pump. Plants studied were selected for both health and size-based uniformity. Experiments were conducted with individual plants wrapped in a foam plug and suspended into 120 ml jars containing 100 ml of one-half strength Hoagland's solution. A one-quarter strength solution was used for root absorption experiments to minimize solute interference with 14C-trinexapac-ethyl uptake.
All jars were wrapped with aluminum foil.
The specifications for 200 ul treatment stock solutions differed according to the type of experiment (Table 1) . Absorption experiments for the roots, the leaf blade, and the plant base were conducted over a three week period in May and June of 1996, while those involving the adjuvant were conducted in November, 1996. Leafblades and plant bases were treated with a 2 ,.11 droplet of treatment stock solution containing a quantity of trinexapac-ethyl based on a 0.191 kg ha" rate (Table 1) were based on solubility of trinexapac-ethyl, previous work with cyclohexanedione herbicides, and a time threshold, beyond which the solvent could extract absorbed material (Devine et al., 1984; Wills, 1984) . Each combination of treated plant site and washofftime had four replications.
Rinsates were collected in 20 mlliquid scintillation vials, each containing 3 ml of 1:1 methanol:water. Two 2-ml aliquots from each rootzone solution which had directly received 14C-trinexapac-ethyl for the root absorption experiment were similarly collected.
The solutions were then diluted to a total volume of 15 ml with Safety Solve" liquid scintillation cocktail and analyzed in a liquid scintillation counter. Differences in radioactivity between the applied droplets and the collected rinsates were presumed to be the amounts of 14Ctaken up by each plant. 14Cin 2 ml aliquots taken from each rootzone solution was determined to evaluate the amount of 14Cin root absorption experiments that was not absorbed.
Translocation Studies
Studies were initiated in June, 1996 to measure translocation of 14C-trinexapacethyl from three sites of uptake. A similar study evaluating two sites of uptake with plants that had rhizomes with daughter plants was initiated in September, 1996. Plants for the June study were established and selected as for absorption studies. Plants for the September study were planted into a coarse sand and allowed to generate rhizomes with daughter plants. The parent and daughter plants were subsequently transferred to a onehalf strength Hoagland's solution. The colored lid for pots was prepared with a 0.5 em by 7.5 em slit so both the parent and daughter shoots could be equally supported above the solution.
Treatments were applied from a stock solution containing the following: 50 J,Ll 14C-trinexapac-ethyl, 118.85 J.11 formulation blank (taken from a 1:100 stock solution), and 31.15 J.11 deionized water. Sites of uptake were the leaf blade, the plant base, and the roots for the June study, which had six replications per treatment. The September study had four replications per treatment and did not evaluate roots as a site of uptake. Two 2-J,Ll droplets containing 3700 Bq of 14Cwere applied to the leafblade or the plant base and in one 4-J.11 droplet to the rootzone solution. A ten-fold increase in radioactivity, as compared to absorption studies, was used to ensure traceability of the 14Cas it was translocated.
Twenty four hours after treatment, treated plant parts were rinsed with 1:1 methanol.water; rinsates and aliquots from directly treated rootzone solutions were analyzed for 14C.
Plants were segmented based on the original site of 14Cuptake (Table 2) .
Segments were kept at -10 C until they were oxidized in a biological oxidizer. Efficiency of the oxidizer was greater than 95% and was determined by oxidizing a known quantity of 14Cplaced on a piece of paper towel and then calculating the percent recovery. 14C02 from oxidized samples was trapped in a 2:1 Safety Solve~:Carbosorb~cocktail. Each sample was then radio assayed in a liquid scintillation spectrometer. Combined radioactivity from rinsates and all plant segments was used to determine the percent recovery of 14 C for each site of uptake. Percent recoveries of 14 C were 96%, 75%, and 82% for 14C-trinexapac-ethyl applied to the roots, base of the plant, and leafblade, respectively, in June, 1996. Percent recoveries of 14Cwere 76% and 79% for 14C_
trinexapac-ethyl applied to the base of the plant and leaf blade, respectively, in September, 1996. The foam plugs that supported the plant bases accounted for a portion of the unrecovered 14C.Distributions of translocated 14C-trinexapac-ethyl were expressed as percentages of absorbed 14C.
All studies were completely randomized designs and were repeated. Data reflect combined means from two experiments. Statistical analyses were based on analysis of variance and/or simple linear regression with significance set at the 5% level.
RESULTS AND DISCUSSION

Absorption Studies
There were marked differences between the leafblade, the plant base, and the roots, in terms of both rate and total absorption of 14C_trinexapac-ethyl (Figure 2 ). The leaf blade absorbed only 4% of applied 14C-trinexapac-ethyl before the immediate washoff but had absorbed 31% by one HAT. Absorption increased consistently over the next three washoffperiods, culminating in maximum absorption of70% by 24 HAT. The base of the plant absorbed 29% of applied 14C_trinexapac-ethyl before the immediate washoff and had absorbed 80% by one HAT. At this point, the absorption rate slowed down, reaching a maximum by 8 HAT and a level of 94% 24 HAT. The roots absorbed little 14C-trinexapacethyl, taking up only 5% of applied material after 24 hours. Commercially, trinexapacethyl is foliar applied so the results from the root absorption experiment were not surprising. The plant base was the preferred site of absorption for 14C-trinexapac-ethyl.
Thus, the amount of trinexapac-ethyl reaching the plant base may be a major factor in determining efficacy.
The organosilicone surfactant, Sylgard 309~, is an activator adjuvant that was determined to be capable of enhancing trinexapac-ethyl efficacy (data not presented).
Absorption studies with 14C-trinexapac-ethyl plus Sylgard 309~were conducted with the intent of determining whether enhanced absorption, surface movement to a preferred site of absorption such as the plant base, or both were involved in the observed enhancement of trinexapac-ethyl efficacy.
Absorption of 14C-trinexapac-ethyl by the plant base was unaffected by the addition ofSylgard 309-at any of the washofFtimes (Figure 3b) . Absorption of 14C_
The direction and extent of 14C-trinexapac-ethyl translocation was dependent on trinexapac-ethyl by the leafblade was unaffected by the addition ofSylgard 309-at 0, 4, and 24 HAT. However, significant enhancement of absorption with Sylgard 309-occurred 1 HAT, the increase being from 21% to 51% (Figure 3a) . Absorption of 14C-trinexapacethyl was so rapid that a measurable amount of absorption occurred in less than the 45 seconds it took to wash the 14C-trinexapac-ethyl off of either the leaf blade or the plant base for the zero time treatment.
Enhanced early absorption of 14Ctrinexapac-ethyl by leaf blades when Sylgard 309~was included could provide greater trinexapac-ethyl rainfastness. Absorption by both the leaf blade and plant base was greater than 50% after one hour when Sylgard 309· was added to the treatment solution. The reduction of surface tension of spray droplets with Sylgard 309· allow more of the spray solution to move on the surface of the plant to the base of the plant, which is the preferred site of absorption. of what was absorbed (Table 3 ).
The leafblade retained greater than 60% of the 14Cit absorbed after 24 hours (Table 3) . One percent of absorbed 14Cmoved acropetally while 32% moved basipetally and accumulated in a variety of tissues. The plant base accumulated 11% of absorbed 14C.
Roots accumulated 5% of the absorbed 14C.
Greater than 75% of 14 C absorbed by the base of the plant was translocated acropetally to the plant foliage over 24 hours. Roots accumulated less than 5% of absorbed 14Cwhile the other 18% remained in the base of the plant (Table 3 ).
The leaf blade and the plant base were the two sites of absorption evaluated in translocation studies involving rhizomes/daughter plants. Greater than 70% of the 14C_
trinexapac-ethyl applied to the leafblade was absorbed while the plant base absorbed greater than 85% of applied 14C-trinexapac-ethyl.
Translocation of absorbed 14Cfrom the leafblade was as follows: 36% translocated to other foliar tissues, 4% translocated to the roots, and 3% translocated to the rhizome/daughter plant after 24 hours (Table 4) . The other 57% remained in the leaf blade.
Translocation of 14Cabsorbed by the base of the plant was as follows: 61% translocated acropetally, 3% translocated to the roots, and 3% translocated to the rhizome/daughter plant after 24 hours (Table 4) 
